Paracrine interactions of chondrocytes and macrophages in cartilage degradation: articular chondrocytes provide factors that activate macrophage-derived pro-gelatinase B (pro-MMP-9).
Cells of the monocyte/macrophage lineage are involved in the development of inflammatory joint diseases such as rheumatoid arthritis. This disease is characterized by cartilage degradation and synovial membrane inflammation with a progressive loss of joint function. The pathological processes are still not well understood. Therefore it would be interesting to develop a suitable experimental in vitro model system for defined studies of monocyte/macrophage and chondrocyte interactions at the molecular level. For that purpose we cocultured chondrocytes from adult human articular cartilage with human monocytes and macrophages for defined periods of time in agarose without addition of serum. We performed zymographic and western blot analysis of culture medium, completed by quantitative RT-PCR of each chondrocyte, monocyte and macrophage RNA, respectively. The reliability of the newly established coculture systems is confirmed by causing a clear decrease of intact aggrecan in the coculture medium plus concurrent appearance of additional smaller fragments and a reduction of chondrocyte aggrecan and collagen II gene expression in the presence of monocytes. In culture medium from cocultures we detected active forms of the matrix metalloproteinases MMP-1, MMP-3 and MMP-9 accompanied by induction of gene expression of MMP-1, membrane type 1 MMP (MT1-MMP) and tissue inhibitor of metalloproteinase 2 (TIMP-2) in chondrocytes. No gene expression of MMP-9 was detectable in chondrocytes, the enzyme was solely expressed in monocytes and macrophages and was downregulated in the presence of chondrocytes. Our results suggest that MMP-9 protein in coculture medium originated from monocytes and macrophages but activation required chondrocyte-derived factors. Because addition of plasmin, a partial activator of pro-MMP-3 and pro-MMP-1, enhanced the activation of pro-MMP-9 and pro-MMP-1 in cocultures but not in monocultured macrophages, and the presence of MMP-3 inhibitor II prevented pro-MMP-9 activation, we assumed a stepwise activation process of pro-MMP-9 that is dependent on the presence of at least MMP-3 and possibly also MMP-1.